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, Isabelle[8,9,10] Isabelle
(machtne-o ented) $\mathrm{T}\mathrm{c}1/\mathrm{T}\mathrm{K}$ $GUI$( $Graphical$ User Interface)
$(h\mathrm{u}man- or\dot{\tau}e\mathrm{n}ted)$ . $\mathbb{I}$ XIsabeUe[2] . ,
, , , Boyer , ,
Moore . ,
, . ,
. , , ,
, (proof checker), , ,




. . 2 , 2
, , 3 ,
(sequent calculus) (natural deduction) . 4 , ,












[5, 6, 12, 13, 14]. , (indivtdual constant) $IC$ (
2 . $a,$ $b,$ $c,$ $\ldots$ ), (indi dual va able)
, $IV$ ( $x,y,$ $z,$ $\ldots$ ), $(fi_{4}nction$
constant) $FC$ ( $f,g,$ $h,$ $\ldots$ )
. , 2 (predicate constant) $PC$ (
$p,$ $q,$ $r,$ $\ldots$ ) (predicate va able)
$PV$ ( $P,$ $Q$ , $R,$ $\ldots$ ) .
. , 2 $[4, 5]$ .
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1. $\mathrm{c}\in IC$ $v\in IV$ 5
12 $\Phi$ $\theta$ :2. $f$ $n$ $(n\geq 0)$ , $t_{1},$ $\cdots,$ $t_{n}$
, $f$ (t1, $\cdot$ . . , $t_{n}$ ) . $\Phi=$ ($\forall x.P$ (x, $a,$ $b)$ ) $\vee$ ($\forall y.P($y, $b,$ $y)$ ),
$\theta=[P:=\exists y.p(v_{3}, y, v_{2})]$ .
2 (formula)
, $\Phi\theta$ :.
$\Phi\theta$ $=$ (($\forall x.P$ (x, $a,$ $b$ ) $\vee$ ($\forall y.P($y, $b,$ $y)$ ) $\theta$
(1) $\alpha\in PC\cup PV$ $\mathrm{n}$ , $t_{1},$ $\cdots$ , t $=$ ($\forall x.$ ($P$ (x, $a,$ $b$)) $\theta\vee(\forall z.$ ( $P$ (z, $b,$ $z$ )) $\theta$
, $\alpha(t_{1},$ $\cdots,$ $t\sim$ . $\alpha(t_{1}, \cdots, t_{n})$ $=$ $\forall x.(\exists y.p(v_{3}, y, v_{2})[v_{1}:=x,v_{2}:=a, v_{3}:=b])$
(atomic fomula) . , $\alpha\in$ $\vee\forall z.(\exists y.p(v_{3},y, v_{2})[v_{1}:=z, v_{2}:=b,v_{3}:=z])$
$PV$ 2 . $=$ $(\forall x.\exists y.p(b, y, a))\vee(\forall z.\exists y.p(z,y, b))$ .
(2) $A,$ $B$ , $A\Lambda B,$ $A\vee B,$ $A$ \supset B, $\neg A$
.
2.3 2(3) $A$ , $x$ , $\forall x.A,$ $\exists x.A$
. 2 $\Phi$ 1 $\phi$ $\langle\Phi, \phi\rangle$
, $\Phi\theta=\phi$ $\theta$ 2
, 1 . , $\theta$
. 2 2 (second-0rder matching problem)
, 2 , . 2 NP-
. , . , $\Phi$
. , 2 , $\phi$
$\forall x.P$(x, $a,$ $b$) $\vee$ ($\forall y.P$ (y, $b,$ $y$ )) 1 , 2
2 , $P$ . .
1 ([13]) $\Phi$ 2 , $\phi$ 1
2.2 . , 2
2 $\Phi,$ $\Psi,$ $\ldots,$ $1$ $\phi,$ $\psi,$ $\ldots$ .
. $\theta$ , $IV$ , $PV$
, ,




3 $t$ , $t\theta$ :5. [6].
(1) $t=c,$ $c$ \in IC , $t\theta=c$ .
(2) $t=x,$ $x$ \in IV, , $[x:=t’]\in\theta$ $t\theta=t’$ , 3 $\ovalbox{\tt\small REJECT}$
$t\theta=x$ .
(3) $t=f$ (t1, .. . , $t_{n}$ ) , $t\theta=f(t_{1}\theta, \ldots, t_{n}\theta)$ . 3.1
(4) $t=P$(t1, . . ., $t_{n}$ ), $P\in PV$ . , $[P:=$
$\Gamma$ $\Delta$ $\{A_{1}, \cdots,A_{m}\},$ {B1, $\cdot$ .., $B_{n}$ }
$p(f_{1}(y_{1}, \ldots, y_{n}), \ldots, h(y_{1}, \ldots, y_{n}))]\in\theta$ $\text{ }$ If,
. , $\Gamma,$ $\Delta$
$t\theta=p(f_{1}(y_{1}, \ldots, y_{n})\sigma, \ldots, f_{k}(y_{1}, \ldots,y_{n})\sigma)$ .
$A_{1},$
$\cdots,$ $A_{m}\vdash B_{1},$ $\cdots,$ $B_{n}$
, $\sigma=$ [$y_{1}:=t_{1}\theta,$ $\ldots,y$n $:=t_{n}\theta$] .
(sepent) $\mathrm{A}\mathrm{a}$ . $\Gamma\vdash$
$(5)$ $t=Qx.p(Q\in\{\forall, \exists\})$ , $t\theta=Qy.(p\theta)$ .
$\Delta$ . $\Gamma\vdash\Delta$ , $A_{1}\Lambda$
3 (4), (5) , , $\ldots\Lambda A_{m}\supset B_{1}\vee\cdots\vee Bn$ . , $\vdash$
[13]. , (5) (axiom)
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. $S_{1},$ $S_{2},$ $S_{3}$ . $\vee \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}$
, (inference rule) , .
:
,
$\frac{s_{1}}{s}$ , $\frac{s_{1}s_{2}}{s}$ $\text{ }-.t3:\frac{s_{1}s_{2}s}{s}$3. .
, $S_{1}$ (S2,S3) $S$ $\frac{\Gamma\vdash\Delta,AA,\Pi\vdash\Sigma}{\Gamma,\Pi\vdash\Delta,\Sigma}$(cut).






. $\phi$ . (subformula $prope\# y$) $\mathrm{A}$ ,
$\phi$ , $\phi$ . ,
, $\phi$ (provable) $4\backslash$ . .
, $\mathrm{L}\mathrm{K}$ $\mathrm{L}\mathrm{J}$ .
,
2 $\phi$ $\mathrm{L}\mathrm{K}$




$\frac{A\vdash p(z),Ap(z),A\vdash p(z)}{A\supset p(z),A\vdash p(z)}$ (\supset right)
NK NJ $\underline{\overline{\forall x.(A\supset p(x)),A\vdash p(z)}(}\forall 1\mathrm{e}\mathrm{f}\mathrm{t}$
)
$(\forall \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})$
, $\underline{\forall x.(A\supset p(x)),A\vdash\forall x.p(x)}$
$(\supset \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})$
. , $\forall x.(A\supset p(x))\vdash A\supset\forall x.p(x)$
$\overline{\vdash(\forall x.(A\supset p(x))\supset(A\supset\forall oe.p(x)))}(\supset \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})$
,
S4 . 3 2 $\phi$ $\mathrm{L}\mathrm{J}$
.
$\frac{A\vdash Ap(z),A\vdash p(z)}{A\supset p(z),A\vdash p(z)}(\supset \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})$
3.2 LK LJ $\overline{\forall x.(A\supset p(x)),A\vdash p(z)}$
(\forall left)
$\overline{\forall x.(A\supset p(x)),A\vdash\forall x.p(x)}(\forall \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})$
$\mathrm{L}\mathrm{K}$
$\overline{\forall x.(A\supset p(x))\vdash A\supset\forall x.p(x)}(\supset \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})$
[11] , , [14] 12 .
$\overline{\vdash(\forall x.(A\supset p(x))\supset(A\supset\forall x.p(x)))}(\supset \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})$
$\vee \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}$ .
$\mathrm{L}\mathrm{K}:\frac{\Gamma\vdash\Delta,A,B}{\Gamma\vdash\Delta,A\vee B}$ (Vright). 3.3
LJ
$\mathrm{N}\mathrm{K}$ $\mathrm{N}\mathrm{J}[1]$ ,
, LK LJ , .
. $\mathrm{L}\mathrm{J}$ . ,
, $\vdash$ 1
$\mathrm{N}\mathrm{K}^{*},$ $\mathrm{N}\mathrm{J}^{*}$
, $\mathrm{L}\mathrm{J}$ $\vee \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}$ . ,
.
. , $\mathrm{N}\mathrm{K}^{*}$ , NJ* $\mathrm{N}\mathrm{K}$ , NJ
. $\mathrm{N}\mathrm{K}^{*}$ , NJ”
$LJ$ : $\frac{\Gamma\vdash A}{\Gamma\vdash A\vee B}(\vee \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t} 1)$ , $\frac{\Gamma\vdash B}{\Gamma\vdash A}$
\vee B
$(\vee \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t} 2)$ . [11] .
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4 2 $\phi$ NK” . , 2
. , , .
I
. , . (necessity)
$\phi$ . $\mathrm{A}\backslash$ , $(possib\dot{f}lity)$
$\neg\square \neg$ .
$A\mathrm{O}1\vdash A$
$\frac{\forall x.(A\supset p(x))\copyright\vdash\forall x.(A\supset p(x))}{\forall x.(A\supset p(x))\mathrm{O}2\vdash A\supset p(z)}$ ( ) S4 , LK 8 [14]
$\overline{\forall x.(A\supset p(x))}$\copyright , $A mathrm{O}1\vdash p(z)$
(\supset E) 2 :
$\overline{\forall x.(A\supset p(x))\copyright,A\mathrm{O}1\vdash\forall x.p(x)}(\forall \mathrm{I})$
$\forall x.(A\supset p(x))\mathrm{O}2\vdash A\supset\forall x.p(x)(\supset 1)$
$\frac{A,\Gamma\vdash\Delta}{\square A,\Gamma\vdash\Delta}(\square \mathrm{l}\mathrm{e}\mathrm{f}\mathrm{t})$ , $\frac{\square \Gamma\vdash A}{\square \Gamma\vdash\square A}(\square \mathrm{r}.\mathrm{g}\mathrm{h}\mathrm{t})$ .
$\overline{\vdash\forall x.(A\supset p(x))\supset(A\supset\forall x.p(x))}(\supset 1)$
$\mathrm{N}\mathrm{K}$
$\phi$ .
6 S4 (( $A$ $\Lambda\square B)\supset\square (A\Lambda B)$ )
.
$A$ , $\supset I$
, , $\phi$
. , $\phi$
$\frac{\frac{A,\square B\vdash A}{\square A,\square B\vdash A\square A}(\square 1\mathrm{e}\mathrm{f}\mathrm{t})\frac{\square A,B\vdash B}{\Lambda B\square A,\square B\vdash B(\square }}{\mathrm{O}B\vdash A}\underline,(\Lambda \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})\mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})(\square 1\mathrm{e}\mathrm{f}\mathrm{t})$
.
$\frac{\square A,\square B\vdash\square (A\Lambda B)}{\square A\Lambda \mathrm{O}B\vdash\square (A\Lambda B)}(\Lambda \mathrm{l}\mathrm{e}\mathrm{f}\mathrm{t})$
$\underline{A}$\copyright








$\overline{\forall x.(A\supset p(x))\supset(A\supset\forall x.p(x))}(\supset 1\copyright)$
4.1
$\mathrm{N}\mathrm{K}^{*}$ $\mathrm{N}\mathrm{K}$ , NK”
$\mathrm{N}\mathrm{K}$ . , [5] ,
, .
(
) . NK* .
$\mathrm{N}\mathrm{K}$ . 2 .
5NK* $\mathrm{N}\mathrm{K}$ 4 2 .
$(A\supset(B\supset A)),(A\supset((A\Lambda B)\supset B))$ NK” ( )
$\mathrm{N}\mathrm{K}$ ( ) .
. ,
$\frac{\frac{B\copyright,A\copyright\vdash A}{A\copyright\vdash B\supset A}}{\vdash A\supset(B\supset A)}(\supset 1)(\supset 1)$ . $\frac{\frac{B\mathrm{O}1,A\otimes}{B\supset A}}{A\supset(B\supset A)}(\supset 1\copyright)(\supset 1\mathrm{O}1)$. . $\phi$ , proof(\phi )
. .
$\frac{A\copyright,A\wedge B\copyright\vdash A\wedge B}{\frac{A\copyright,A\wedge B\copyright\vdash B}{A\copyright\vdash(A\Lambda B)\supset B}}(\wedge \mathrm{E}1(\supset 1))$
$A$ \copyright




2 $\phi$ prOOf(\phi ) . $\phi$
$\overline{\vdash A\supset((A\wedge B)\supset B)}$
(\supset 1).
$\overline{A\supset((A\wedge B)\supset B)}$
(\supset I\copyright ) 2 $\Phi$ , $\Phi$ prOOf(\Phi )
.
( ) proof(\Phi ) proo$f$ (\phi )3.4
, . ,
. proof(\Phi ) , $\sim-$
, 2




$\Phi$ , $\phi$ .
7 $\phi=(p(a)\vee q(b))\Lambda\forall x.(p(x)\supset q(x)))\supset$




$\Phi=$ ( $(P(a)\mathrm{V}Q(b))\wedge$x.(P(x) $\supset$ Q(x))) $\supset\exists$x.Q(x)
, $P,$ $Q$ 2 . ,
, proof(\phi ) ,
( 2) $\Phi$ proof(\Phi ) . . ,
(schema
$\Phi$ . , $\psi=\Phi\theta$ $\Phi$
$se$ )[ $(\Phi_{i}$ , proof(\Phi :))li\in I] [ .
proof(\psi ) . proof(\Phi )
$\phi$ 1 .
$\theta$ (proof(\Phi ))\mbox{\boldmath $\theta$}
, .
function $AnalogyBasedProving\ovalbox{\tt\small REJECT}$
3 $\Phi$ , $\psi$ $\psi=\Phi\theta$ $\Phi$
input $\phi$ ).
. , proof(\psi ) $=(proof(\Phi))\theta$
search $\Phi$ and match $\Phi\theta=\phi$;
( 3).
if $\phi$ $\Phi$ then do
( ) $\Gamma\vdash A$
proof(\Phi )\mbox{\boldmath $\theta$} $\phi$ ;
,
return proof(\Phi )\mbox{\boldmath $\theta$};
$\Gamma[P:=p(x_{1}, \cdot. . , x_{n})]\vdash A$ [P $:=$
else do begin
$p(x_{1}, \cdots,x_{n})]$ . ,
;
$\Gamma[P:=p(x_{1}, \cdot.., x_{n})]\vdash A$ [$P:=p(x_{1},$ $\cdots,x$n)] $\Gamma,$ $A$
$(\Phi:,pr\omega f(\Phi.\cdot))$ ;







. , 8 $\psi=((r(a)\vee s(b))\Lambda\forall x.(r(x)\supset s(x)))\supset\exists x.s$(x)
. . ,
5 : $\psi$ $\phi$ $\Phi$ . $\psi$ 8 $\Phi$
, $\psi$ $\phi$ , $\Phi$ $\psi$ $\theta$
$\Phi$ ( 3). .
1 $\theta=[P:=r(y), Q:=s(z), y:=a, z:=b]$
(schema matching) , $\theta$ 7oof(\Phi )( 2) proof(\psi )
proof(\Phi )\mbox{\boldmath $\theta$} . , 2 $(*)$
. .
[4] . ,
$\backslash 1$ ’ $\backslash$
1 $\Phi$ $\phi(=$
$\Phi\theta),$ $\psi(=\Phi\rho)$ ( 3). , $\phi,$ $\psi$ ,
{ (proof(\Phi ))\mbox{\boldmath $\theta$}, (roof(\Phi ))\rho ( 3).
$r(a)\vdash r$ (a)
$\frac{s(a)\vdash s(a)}{s(a)\vdash\exists x.s(x)}(\exists \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}[x:=a])$
$\overline{\mathrm{r}(a),r(a)\supset s(a)\vdash\exists x.s(x)}(\supset \mathrm{l}\mathrm{e}\mathrm{f}\mathrm{t})$
$\overline{r(a),\forall x.(r(x)\supset s(x))\vdash\exists x.s(x)}(\forall 1\mathrm{e}\mathrm{f}\mathrm{t}[x:=a])$ .
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$\underline{q(a)\vdash q(a)}(\exists \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}[x:=a])$
$p(a)\vdash p(a)$ $q(a)\vdash\exists x.q(x)$
$\overline{p(a),p(a)\supset q(a)\vdash\exists x.q(x)}(\supset \mathrm{l}\mathrm{e}\mathrm{f}\mathrm{t})$
$\overline{p(a),\forall x.(p(x)\supset q(x))\vdash\exists x.q(x)}(\forall \mathrm{l}\mathrm{e}\mathrm{f}\mathrm{t}[x:=a])$
$\frac{\forall x.(p(x)\supset q(x)),q(b)\vdash q(b)}{\forall x.(p(x)\supset q(x)),q(b)\vdash\exists x.q(x)}(\exists \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}[x:=b])$
$\overline{p(a)\vee q(b),\forall x.(p(x)\supset q(x))\vdash\exists x.q(x)}$ (Vleft)
$\overline{(p(a)\vee q(b))\Lambda\forall x.(\mathrm{p}(x)\supset q(x))\vdash\exists x.q(x)}(\Lambda \mathrm{l}\mathrm{e}\mathrm{f}\mathrm{t})$
$\overline{\vdash(p(a)\vee q(b))\Lambda\forall x.(p(x)\supset q(x))\supset\exists x.q(x)}(\supset \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})$
1: $\phi$
$P(a)\vdash P(a)$
$\frac{Q(a)\vdash Q(a)}{Q(a)\vdash\exists x.Q(x)}$ ( $\exists$right[x $:=a]$ )
$\frac{\overline{P(a),P(a)\supset Q(a)\vdash\exists x.Q(x)}(\supset}{(*)P(a),\forall x.(P(x)\supset Q(x))\vdash\exists x.Q(x)}(\forall \mathrm{l}\mathrm{e}\mathrm{f}\mathrm{t}[x:=a])1\mathrm{e}\mathrm{f}\mathrm{t})$
$\frac{Q(b)\vdash Q(b)}{Q(b)\vdash\exists x.Q(x)}(\exists \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}[x:=a])$
$\overline{P(a)\vee Q(b),\forall x.(P(x)\supset Q(x))\vdash\exists x.Q(x)}$ (viefi)
$\overline{(P(a)\vee Q(b))\Lambda\forall x.(P(x)\supset Q(x))\vdash\exists x.Q(x)}(\wedge \mathrm{l}\mathrm{e}\mathrm{f}\mathrm{t})$
$\overline{\vdash(P(a)\vee Q(b))\Lambda\forall x.(P(x)\supset Q(x))\supset\exists x.Q(x)}(\supset \mathrm{r}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t})$
2: $\Phi$
5 $\ovalbox{\tt\small REJECT}$ $\ovalbox{\tt\small REJECT}$ ,
. $\mathrm{L}\mathrm{K},$ $\mathrm{L}\mathrm{J}$ S4 ,
5.1
, ,
$Java^{TM}$ , . ,
, $\mathrm{L}\mathrm{K},$ $\mathrm{L}\mathrm{J},$ $\mathrm{N}\mathrm{K}^{*},$ $\mathrm{N}$J” $\mathrm{S}4$ .
. , ,
.






: $\phi$ , , ,
, 2 . ,
.
, ,
, $\Phi\theta=\phi$ $\theta$ . : .
.
, .
. , [ ] , 4
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